Introduction {#Sec1}
============

According to the International Diabetes Federation's latest estimations, diabetes prevalence has reached a frequency of 1/11 adults worldwide in accordance with the increasing trends of recent decades. However, this disadvantageous trend has not been accompanied by worsened outcome indicators; better short-term (e.g., HbA1c levels) and long-term \[e.g., all-cause mortality among type 2 diabetes mellitus (T2DM) patients\] outcomes can be observed globally \[[@CR1]\]. It is widely accepted that improvements in glycaemic control and prognosis can be attributed to the considerable extension of therapeutic means (introduction of new OADs, insulin formulations and personalized treatment) \[[@CR2]--[@CR6]\]. Nevertheless, substantive analysis of the public health impact of improved care is lacking.

According to the series of Hungarian national guidelines released between 2008 and 2016, the assortment of therapeutics used in Hungary has increased as well. The first evidence-based guideline was published in 2009. Contrary to prior recommendations with strict cut-off values, the recent guidelines specify personalized target ranges. The Diabetes License Certificate was established in 2012. There were dynamic changes in the utilisation of therapeutic methods, such as DPP-4 inhibitors, GLP-1 agonists and newly developed insulin analogues. The first agent of the DPP-4 inhibitor class was sitagliptin, which was introduced in 2009. Given its stable postprandial glycaemic control and decent side effect profile, its usage has increased during the subsequent years. More molecules have appeared, and the production of fixed combination therapy with metformin was initiated. GLP-1 agonists exhibit improved glycaemic control with stable body weight reduction effects, but the relatively higher price and subcutaneous method of administration make it less preferable than other therapies; this agonist is mostly prescribed to patients with a good clinical status. SGLT2 inhibitors were introduced in 2014. Moreover, the introduction of insulin analogues also had a major impact on glycaemic control. These new types of insulin also have a favourable effect on body weight compared with regular insulin \[[@CR7]--[@CR13]\]. Similar guidelines are found in the surrounding region (e.g., in Slovakia and Romania) \[[@CR14], [@CR15]\].

However, in Hungary, GPs diagnose and regularly care for these patients (including metabolic control), but antidiabetic drugs (especially the newly introduced ones) are generally prescribed by specialists \[[@CR16]\].

The public health impact of this progress has not yet been investigated in Hungary, as the country could not participate in recent European surveys on the quality of diabetes care \[[@CR17], [@CR18]\].

The objective of our investigation was to describe the change in the quality of T2DM care in Hungary with respect to key outcome indicators in the period of therapy improvement between 2008 and 2016.

Methods {#Sec2}
=======

Data Collection {#Sec3}
---------------

The study is a secondary analysis of data from two previously performed surveys. Both surveys were conducted in the framework of the General Practitioners' Morbidity Sentinel Stations Program (GPMSSP), which maintains a nationally representative registry of T2DM patients \[[@CR19]\]. This registry provided the sampling frame for both surveys.

Data collection for the first survey was performed in 2008. The first study mainly focused on comorbidities and complications; therefore, the investigated sample was selected from and representative of Hungarian T2DM patients \> 50 years old (*N* = 1324). After excluding non-respondents and patients with incomplete records, the sample size was 1039. Case report forms were completed by GPs, and the forms recorded the socio-demographic data of patients, duration of T2DM (DoD), manifestation of complications and comorbidities, information on control examinations and effectiveness of care. Details of data collection were described elsewhere \[[@CR20]--[@CR22]\].

The second population-based cross-sectional (*N* = 1280) study was performed in 2016 to create a nationally representative sample of adult T2DM patients in the framework of GPMSSP. The sample consisted of 1089 patients after excluding those with incomplete data and those \< 50 years old. The same type of data was collected as described in the 2008 survey according to the published study design \[[@CR22]\].

Statistical Analysis {#Sec4}
--------------------

Data sets from 2008 and 2016 surveys were merged because the variables and methodology used to collect data for variables were identical. Percentages of uncontrolled patients (not achieving target values) were calculated for key outcome indicators. The difference between the proportions from 2008 and 2016 were calculated. Therapeutic target values were defined according to the National Guideline of the Hungarian Diabetes Association \[[@CR10]\]. Sample compositions were described separately and compared with the chi-squared test and Student's *t*-test.

Multivariate logistic regression models were created to assess the effect of change (2008--2016) on the following indicators: fasting blood glucose (≥ 7.8 mmol/l); HbA1c (≥ 7%); body mass index (BMI) (\< 30 kg/m^2^); waist circumference (≥ 102 cm for males; ≥ 88 cm for females); systolic blood pressure (≥ 140 mmHg); diastolic blood pressure (≥ 85 mmHg); blood pressure (systolic blood pressure ≥ 140 mmHg and diastolic blood pressure ≥ 85 mmHg); and total cholesterol (TC; ≥ 4.5 mmol/l). The availability rate of each lipid parameter was 98.56% (1024/1039) in 2008. The availability rate was 90.82% (989/1089) for TC, 57.39% (625/1089) for LDL-C and 75.94% (827/1089) for HDL-C in 2016. LDL-C and HDL-C were not analysed given the relatively high proportion of missing data. The controlled confounding factors were age, gender, DoD and level of education (classified as primary, secondary and tertiary). Adjusted odds ratios (OR) with the corresponding 95% confidence intervals (95% CI) were used to describe the dependency of outcome indicators based on the year of data collection.

Compliance with Ethics Guidelines {#Sec5}
---------------------------------

Ethical approval for the secondary analysis was not required. The original surveys were approved by Ethics Committee of the University of Debrecen (2699--2007) and the Hungarian National Scientific Council on Health (TUKEB 48495-2/2014/EKU). Informed consent was obtained from all individual participants included in the study.

Results {#Sec6}
=======

The main patient characteristics are provided in Table [1](#Tab1){ref-type="table"}. Significant improvements in several outcome indicators were noted in the studied period (Table [2](#Tab2){ref-type="table"}). The biggest improvement was observed in achieving fasting blood glucose and HbA1c target values (OR = 0.67, 95% CI, 0.56--0.80 and OR = 0.58; 95% CI, 0.48--0.70, respectively). Moderate improvement was detected by reaching BMI, diastolic blood pressure and total cholesterol target values (OR = 0.78, 95% CI, 0.65--0.93; OR = 0.78, 95% CI, 0.65--0.94 and OR = 0.76, 95% CI, 0.63--0.92, respectively). Although small, significant improvement was observed in waist circumference (OR = 0.71, 95% CI, 0.56--0.89). However, slight but non-significant improvements were noted for systolic blood pressure (OR = 0.92, 95% CI, 0.77--1.09) and systolic/diastolic blood pressure (OR = 0.88, 95% CI, 0.74--1.06).Table 1Patient characteristics in the studied samples representative of Hungarians with type 2 diabetes ≥ 50 years oldPatient characteristics2008 (*N* = 1039)2016 (*N* = 1089)*p* valueGender (female/male proportions)51.01%/48.99%55.83%/44.17%0.026^a^Age (mean ± SD, years)66.48 ± 9.1868.42 ± 9.09\< 0.001^b^Primary education43.31%,40.59%0.014^a^Secondary education47.83%46.65%Tertiary education8.76%12.76%Duration of diabetes (mean ± SD, years)8.87 ± 6.1810.15 ± 6.73\< 0.001^b^Controlled HbA1c45.40% (*n* = 464)56.93% % (*n* = 546)\< 0.001^a^Controlled fasting blood glucose45.02%55.08%\< 0.001^aa^Chi-square test^b^Student *t*-test Table 2Proportion of patients with type 2 diabetes \> 50 years od in Hungary that did not achieve therapeutic targets in 2008 and 2016Investigated outcomes (N~2008~/N~2016~)Proportion of uncontrolled in 2008 (*N* = 1039)Proportion of uncontrolled in 2016 (*N* = 1089)Difference^a^ between proportions of uncontrolledAdjusted OR \[95% CI\]^b^Fasting blood glucose (1024/1044)54.98% (*n* = 563)44.92% (*n* = 469)− 10.06%0.67 \[0.56--0.80\]HbA1c (1022/959)54.60% (*n* = 558)43.07% (*n* = 413)− 11.53%0.58 \[0.48--0.70\]BMI (1037/1089)59.40% (*n* = 616)51.70% (*n* = 563)− 7.70%0.78 \[0.65--0.93\]Waist circumference (1034/1089)82.40% (*n* = 852)78.15% (*n *= 851)− 4.25%0.71 \[0.56--0.89\]Systolic blood pressure (1027/1089)49.66% (*n* = 510)47.11% (*n* = 513)− 2.55%0.92 \[0.77--1.09\]Diastolic blood pressure (1027/1089)35.83% (*n* = 368)29.57% (*n* = 322)− 6.26%0.78 \[0.65--0.94\]Systolic and diastolic blood pressure (1027/1089)57.94% (*n* = 595)54.55% (*n* = 594)− 3.39%0.88 \[0.74--1.06\]Total cholesterol (1024/989)68.95% (*n* = 706)62.89% (*n* = 622)− 6.06%0.76 \[0.63--0.92\]^a^Proportion of uncontrolled in 2008 subtracted from proportion of uncontrolled in 2016^b^Odds ratio adjusted for age, gender, level of education and duration of diabetes with corresponding 95% confidence interval; reference year 2008

Discussion {#Sec7}
==========

According to our investigation, the average age and DoD among the \> 50-year-old Hungarian T2DM patients shifted upwards from 2008 to 2016. Because the studied subjects, of which there were \> 1000, were representative of \> 50-year-old Hungarian T2DM patients selected by the same process with data collection organised in the same manner, the comparison is not biased. The observed trends are specific to Hungary and have not been described previously.

Given that the prevalence of T2DM was not changed in this study period according to the Hungarian implementation of European Health Interview Surveys (8.43% in 2009; 8.17% in 2014; *p* = 0.605) and given the unfortunate lack of organized screening and effective primary preventive programmes in Hungary \[[@CR23], [@CR24]\], the change can be attributed to the increase in Hungarian T2DM patients' life expectancy from 2008 to 2016, primarily among more educated women.

Age, gender, education and DoD-adjusted care quality outcome indicators revealed that control of glycaemic status, obesity, lipid status and diastolic blood pressure improved significantly between 2008 and 2016, whereas the therapeutic target achievement for systolic blood pressure showed no similar trend.

Care of the T2DM patients with hypertension is still mostly managed by their GPs. Given the lack of therapeutic experience or not knowing the stricter blood pressure targets, many of these patients are undertreated. It is also important to note that the fear of conditions caused by hypotensive episodes occasionally leads GPs to administer inadequate dosages or insufficient combinations of antihypertensive drugs.

This pattern of change can be attributed to sharing of tasks in care. Blood pressure is considered controlled by GPs. Diabetologists in outpatient secondary centres are responsible for patients\' metabolic status. This task sharing is determined by the difference in the drug prescription opportunities of general practitioners and specialists.

Although age restriction prevents a simple comparison of our observations with published international reference data and the key indicator of LDL-C concentration was replaced by the TC level in our investigation, our results seem to be similar to the range of indicator values published in European countries \[[@CR17], [@CR18]\].

Although the total number of patients was only a little more than 1000 in both studies, the sample sizes still provided enough statistical power for our investigated indicators. Actually, the main limitation of our analysis was that the indicator set contained only few---although the most important---indicators. The long-term outcome indicators were missing as we did not have data for them \[[@CR25]\].

The drug-specific health gains could not be investigated in our analysis because patient-level medication data were not available. Consequently, this demonstration of improved effectiveness of T2DM care does not prove the causal association between care quality improvement and improved life expectancy. Taking into consideration the known efficiency of new therapeutic methods, these results suggest that the introduction of new methods into the therapeutic regimes ultimately contributes to a better prognosis.

Conclusion {#Sec8}
==========

Our study demonstrated that if standardised indicators \[[@CR25]\] are investigated in population-based samples, the effectiveness of T2DM care can be monitored by ad hoc surveys. The systematic application of this approach completed with the detailed documentation of applied therapies could demonstrate the public health impact of certain modifications in T2DM care, which could contribute to a better understanding of the added value of new therapies proven to be efficient in clinical trials at the public health level.
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